Stimulation of calcium transport of sarcoplasmic reticulum vesicles by the calcium complex of ethylene glycol bis(beta-aminoethyl ether)-N,N',-tetraacetic acid.
The calcium ion dependence of calcium transport by isolated sarcoplasmic reticulum vesicles from rabbit skeletal muscle has been investigated by means of the Calcium-stat method, in which transport may be measured in the micromolar free calcium ion concentration range, in the absence of calcium buffers. At pH 7.2 and 20 degrees C, ATP, in the range 1 to 10 mM, decreased [Ca2+]0.5 from 2.0 microM to 0.3 microM and decreased Vmax of oxalate-supported transport from 0.5 to 1.3 mumol min-1 mg-1. Simultaneous measurements of transport and of ATPase activity in the range 0.8 to 10 microM free Ca2+ showed a ratio of 2.1 calcium ions translocated/molecule of ATP hydrolyzed. Transport, in the presence of 5 mM ATP, ceased when calcium ion concentration fell to 0.6 to 1.2 microM, whilst ATPase activity of 90 nmol of ATP hydrolyzed min-1 mg-1 persisted. The data obtained by the Calcium-stat method differed from those described previously using calcium buffers, in that they showed lower apparent affinities of the transport site for calcium ions, more marked sigmoidal behavior, an effect of ATP concentration on Ca2+ concentration dependence and lower ATPase activity in the absence of transport. The calcium complex of ethylene glycol bis(beta-aminoethyl ether)-N,N,N',N'-tetraacetic acid (CaEGTA) had no effect when transport was stimulated maximally at saturating free Ca2+ concentrations. However, at calcium ion levels below [Ca2+]0.5, 70 microM CaEGTA stimulated transport to rates of 20 to 45% of Vmax. Half-maximal stimulation of transport occurred at 19 microM CaEGTA. CaEGTA, 50 microM, decreased [Ca2+]0.5, determined at 5 mM ATP, from 1.3 microM to 0.45 microM. It is proposed that a ternary complex, E . Ca2+ . EGTA4-, is formed as an intermediate species during CaEGTA-stimulated calcium transport by sarcoplasmic reticulum membranes and stimulates the calcium pump at limiting free Ca2+ ion concentration.